Abstract. Global Positioning System geodesy was used to measure surface deformation on Soufriere Hills volcano, Montserrat from October 6, 1995 to July 1, 1997 during initial dome growth and gravitational collapse. Our data from this period show non-axially symmetric horizontal displacements, and decreasing subsidence as a function of radial distance from the former topographic high of the volcanic edifice. Forward modeling suggests that surface deformation is caused by a shallow vertical dike (< 3 km), which expanded approximately I m, coupled with a deflating Mogi source at about 6 km depth. These inferred source parameters are in good agreement with independent observations of regional dike widths and preeruption magma storage depth.
Introduction
The of evacuation of a shallow crustal magma chamber (-6 km depth), and horizontal displacement due to dike emplacement. For the new CHPK monument, we chose a steel anchor bolt (--10 cm diameter), driven to refusal, which was used previously to secure a guy wire for a large antenna. The bolt was scribed with a punch to provide a fixed central point. Figure 2 ], which we infer is analogous to a shallow crustal magma chamber. The horizontal velocities, however, are not consistent with this simple model. Seismicity in the initial stages of the eruption [Miller et al., in press] delineated two diffuse, linear zones of epicenters, oriented radially away from the lava dome near the center of the island and trending northwest and northeast (Figure 1) . We interpret this to represent the effect of propagation and lateral growth of two sub-vertical dike swarms. During the period reported here, the northwest trend appears to be the more active, and the GPS data suggest that this is the dominant sofirce of deformation. Of course, this interpretation may in part reflect the spatial aliasing inherent in any limited sampling of a complex deformation field [Walsh and Decker, 1971 ], but as we will show, our proposed model, although non-unique, is consistent with the GPS data and other independent observations. We modeled our data assuming an elastic half space with two sources of deformation, with constraints as follows: 1. A deeper spherical magma chamber, implemented in the model using the Mogi point source approximation [Mogi, 1958] , which is losing volume or pressure during the ongoing eruption as ash and gas are expelled from the volcano and andesitic lava is extruded to form the dome. Seismicity is abundant above 5 km [Miller et al., in press], but there is little activity below this depth, consistent with a mechanically We used a least-squares algorithm to obtain optimum model parameters; search ranges are listed in Table 2 
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